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(54) Paper sheet processing apparatus

(57) A paper sheet processing apparatus includes a
plurality of bundling devices which bundle paper sheets,
which are stacked in a plurality of stacking units, in units
of a predetermined number of paper sheets, and a plu-
rality of chute devices which temporarily hold bundles
(H) of the paper sheets, which are bundled by the bun-
dling devices, and release the bundles onto a first transfer
conveyor (76). A second transfer conveyor (77), which
is slower in speed than the first transfer conveyor (76),
is disposed on a downstream side of the first transfer
conveyor (76). A transmission sensor (79), which detects
abnormality in length of the bundle (H) by detecting pas-

sage of the bundle (H), is provide at a position along the
second transfer conveyor (77). The distance from a re-
lease position of the bundle (H) from the chute device,
which is located on a most downstream side in a direction
(D) of conveyance of the bundle (H), to a terminal end of
the first transfer conveyor (76) and the length of the sec-
ond transfer conveyor (77) are set such that a time (T1)
until the bundle (H), which is released from the most
downstream chute device, is transferred onto the second
transfer conveyor (77) is longer than at least a time (T2)
until the bundle (H), which is transferred from the first
transfer conveyor 76, passes through the second transfer
conveyor (77).
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Description

[0001] The present invention relates to a paper sheet processing apparatus which inspects paper sheets such as
securities and bundles them by paper bands in accordance with kinds, and inspects the bundled states of paper sheets
and discharges the bundles of paper sheets.
[0002] There is known a conventional paper sheet processing apparatus which processes paper sheets such as
securities. A plurality of paper sheets to be processed are input as a batch, and the input paper sheets are transferred
along a transfer path one by one. The quality (shape, degree of damage, print state, stain, etc.) of each paper sheet,
which is transferred, is inspected, and paper sheets that are determined to be circulatable by the inspection result
(hereinafter referred to as "valid notes"), paper sheets that are determined to be non-circulatable by the inspection result
(hereinafter referred to as "invalid notes") and paper sheets that are treated as samples for human inspection (hereinafter
referred to as "audit notes") are sorted and stacked in sorting sections to which these paper sheets are assigned.
[0003] This apparatus includes a plurality of bundling sections which bundle the valid notes, invalid notes and audit
notes, which are sorted and stacked in the sorting sections in accordance with the inspection result, as described above,
in units of, e.g. 100 notes by paper bands. The bundles which are obtained by the bundling sections are discharged to
the outside of the apparatus via a common conveyor. The conveyor is provided to extend under the bundling sections
along the direction of arrangement of the bundling sections.
[0004] In this apparatus, when the bundles are discharged from the apparatus via the conveyor, the length of the
bundle in the direction of conveyance of the bundle is detected and compared with a reference value, and a bundle in
an unwanted bundled state is rejected. For example, in an apparatus that is disclosed in Jpn. Pat. Appln. KOKAI Pub-
lication No. 7-73353, the time of passage of the bundle, which is conveyed at a constant speed, is detected by using
two transmission sensors which are spaced apart in a direction perpendicular to the direction of conveyance of the
bundle. The detected time of passage is measured by using fixed clock pulses, and compared with a preset reference
value. Thereby, abnormality in the length of the bundle in the direction of conveyance is detected.
[0005] For example, in a case where the speed V of conveyance of the bundle by the conveyor is 666 [mm/s] and the
length Ls of the bundle in the direction of conveyance is 160 [mm], the time T [s] during which the transmission sensors
detect the bundle is expressed by 

[0006] If the time T [s] is measured by using clock pulses CK of, e.g. 1 [ms] cycle, the measured value Lc is given by 

Thus, abnormality in the length of the bundle can be detected by comparing the measured value Lc with a reference value.
[0007] At this time, the precision of measurement of the length of the bundle becomes higher as the measured value
Lc for the detection of the bundle is higher, and the precision of measurement varies depending on the distance Ac of
movement of the bundle during one clock pulse, i.e. 

In other words, the precision of measurement becomes higher as the distance Ac of movement in one clock pulse is
shorter.
[0008] Although the precision of measurement can be enhanced by decreasing the speed of conveyance of the bundle
by the conveyor, the processing performance of the apparatus as a whole deteriorates if the speed of the conveyor is
lowered. In usual cases, in consideration of the processing performance of the apparatus, the speed of conveyance of
the conveyor is set at a maximum value within such a range that bundles that are formed by bundling sections can
normally be conveyed to the outside of the apparatus.
[0009] In order to enhance the precision of measurement while maintaining the speed of conveyance of the bundle
by the conveyor, it is thinkable to shorten the cycle of the above-mentioned clock pulse CK. In this method, however,
such a problem arises that the load on the system, which is needed for arithmetic operations, increases.
[0010] The object of the present invention is to provide a paper sheet processing apparatus which can enhance the
precision of measurement of a bundled state of paper sheets, without lowering the processing performance of the
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apparatus.
[0011] In order to achieve the object, according to an aspect of the present invention, there is provided a paper sheet
processing apparatus comprising: a take-out/transfer unit which takes out input paper sheets one by one onto a transfer
path and transfers the paper sheets; a paper sheet inspection unit which inspects the paper sheets that are transferred
by the take-out/transfer unit; a sorting/stacking unit which sorts and stacks the paper sheets, which are transferred via
the transfer path, on the basis of an inspection result in the paper sheet inspection unit; a plurality of bundling units which
bundle the paper sheets, which are sorted and stacked by the sorting/stacking unit, in units of a predetermined number
of paper sheets; a plurality of temporary hold units which receive and temporarily hold bundles that are formed by the
plurality of bundling units; a first transfer conveyor which is provided to extend in a direction of arrangement of the plurality
of temporary hold units, receives the bundle that is held by each of the temporary hold units, and conveys the bundle;
a second transfer conveyor which receives the bundle that is conveyed by the first transfer conveyor, and conveys the
bundle; and a bundle inspection unit which inspects a bundled state of the bundle that is conveyed by the second transfer
conveyor, wherein running speeds of the first and second transfer conveyors are set such that a speed of conveyance
of the bundle by the second transfer conveyor is lower than a speed of conveyance of the bundle by the first transfer
conveyor, and a distance from a position of reception of the bundle from the temporary hold unit, which is located on a
most downstream side, to a terminal end of the first transfer conveyor and a length of the second transfer conveyor in
a direction of conveyance are set such that a time from when the bundle is transferred onto the first transfer conveyor
from the temporary hold unit, which is located on a most downstream side in the direction of arrangement along a
direction of conveyance of the bundle by the first transfer conveyor, to when the bundle is passed through the first transfer
conveyor and transferred onto the second transfer conveyor is longer than a time from when the bundle is transferred
onto the second transfer conveyor to when the bundle is completely passed through the second transfer conveyor.
[0012] According to another aspect of the present invention, there is provided a paper sheet processing apparatus
comprising: a take-out/transfer unit which takes out input paper sheets one by one onto a transfer path and transfers
the paper sheets; a paper sheet inspection unit which inspects the paper sheets that are transferred by the take-out/
transfer unit via the transfer path; a sorting/stacking unit which selectively sorts and stacks the paper sheets, which are
transferred via the transfer path, into a plurality of sorting sections, which are juxtaposed along a direction of transfer of
the paper sheets, on the basis of an inspection result in the paper sheet inspection unit; a plurality of bundling units
which bundle the paper sheets, which are sorted and stacked into the plurality of sorting sections, in units of a prede-
termined number of paper sheets; a plurality of temporary hold units which receive and temporarily hold bundles that
are formed by the plurality of bundling units; a first transfer conveyor which is provided to extend under the plurality of
temporary hold units in a direction of arrangement of the plurality of temporary hold units, and conveys the bundle that
is released from each of the temporary hold units and placed on the first transfer conveyor; a second transfer conveyor
which is disposed on a downstream side of the first transfer conveyor in a direction of conveyance of the first transfer
conveyor in succession with the first transfer conveyor, and further conveys the bundle, which is transferred from the
first transfer conveyor, at a speed of conveyance that is lower than a speed of conveyance of the bundle by the first
transfer conveyor; a memory unit which stores a pre-measured actual time until the bundle that is released from the
temporary hold unit, which is located on a most downstream side in the direction of conveyance, is transferred onto the
second transfer conveyor; a sensor which detects passage of the bundle which is conveyed by the second transfer
conveyor; a length detection unit which detects a length of the bundle in the direction of conveyance on the basis of a
time during which the sensor detects the passage of the bundle; and a bundle inspection unit which inspects a bundled
state of the bundle on the basis of a detection result by the length detection unit, wherein a distance from a position of
reception of the bundle from the temporary hold unit, which is located on the most downstream side, to a terminal end
of the first transfer conveyor and a length of the second transfer conveyor in a direction of conveyance are set such that
a time until the bundle, which is transferred from the first transfer conveyor onto the second transfer conveyor, is completely
passed through the second transfer conveyor is shorter than a prestored time in the memory unit.
[0013] The invention can be more fully understood from the following detailed description when taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a schematic view of a paper sheet processing apparatus according to an embodiment of the present
invention;
FIG. 2 is a block diagram of a control system which controls the operation of the apparatus shown in FIG. 1;
FIG. 3 is a schematic view of a convey device which is incorporated in the apparatus shown in FIG. 1;
FIG. 4 is a schematic view showing an example of a bundle in a normal bundled state, which is conveyed by the
conveyor shown in FIG. 3;
FIG. 5 is a schematic view showing an example of a bundle in an abnormal bundled state;
FIG. 6 is a schematic view showing another example of a bundle in an abnormal bundled state;
FIG. 7 is a schematic view showing a positional relationship between a plurality of chute devices which are incor-
porated in the apparatus shown in FIG. 1; and
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FIG. 8 is a table showing comparison results between theoretical values of time, during which a bundle, which is
released from the chute device, passes through the conveyor, and actual measurement values.

[0014] An embodiment of the present invention will now be described in detail with reference to the accompanying
drawings.
[0015] FIG. 1 schematically shows a paper sheet processing apparatus 100 (hereinafter referred to simply as "process-
ing apparatus 100") according to an embodiment of the invention.
[0016] The processing apparatus 100 includes a take-out device 1 which takes out, one by one, a plurality of paper
sheets P which have been input as a batch; a transfer path 3 which transfers the paper sheets P which have been taken
out by the take-out device 1; a paper sheet inspection device 4 which inspects the paper sheets P which are transferred
via the transfer path 3; a stacking/bundling device 5 (sorting/stacking units, bundling units) which sorts and stacks paper
sheets P on the basis of an inspection result by the paper sheet inspection device 4 and bundles the sorted/stacked
paper sheets P in units of a predetermined number of paper sheets; and a rejected-note stacking device 6 which stacks
rejected notes (to be described later).
[0017] The take-out device 1 includes a feed unit 10 which successively feeds, e.g. 1000 paper sheets P that have
been input as one input unit, to a take-out position; and a take-out unit 20 which takes out the paper sheets P, which
are successively fed to the take-out position, onto the transfer path 3 one by one at regular intervals.
[0018] The feed unit 10 includes a backup plate 11, on which the input paper sheets P are placed in a stacked state;
a support member 12 which vertically movably supports the backup plate 11; a take-out position detection sensor S1
which detects that an uppermost one of the paper sheets P stacked on the backup plate 11 is placed at a take-out
position; and a driving mechanism (not shown) which vertically moves the backup plate 11 so that the uppermost paper
sheet P can be detected by the take-out position detection sensor S1.
[0019] The take-out unit 20 includes a take-out rotor 2 which rotates in contact with the paper sheet P which is fed to
the take-out position by the feed unit 10. The take-out rotor 2 rotates in the state in which a negative pressure is caused
to occur on its peripheral surface and the paper sheet P at the take-out position is sucked on the peripheral surface,
thereby feeding the paper sheet P at the take-out position onto the transfer path 3. The paper sheets P, which have
been taken out onto the transfer path 3 by the take-out rotor 2, are successively conveyed at regular intervals.
[0020] The paper sheet inspection device 4 inspects, for example, the print state of the paper sheet P that is conveyed
via the transfer path 3. As a result of the inspection, a paper sheet P in a normal print state is determined to be a valid
note, a paper sheet P in an abnormal print state is determined to be an invalid state, and a paper sheet P, which is
conveyed in an abnormal manner or is conveyed together with another paper sheet P, is determined to be a rejected
note. The paper sheet P, which is determined to be the rejected note, is conveyed to the rejected-note stacking device
6 which is provided at the terminal end of the transfer path 3. Paper sheets P, which are randomly chosen from the valid
and invalid notes, are processed as audit notes which are to be subjected to human inspection.
[0021] The stacking/bundling device 5 includes two sorting sections 51 and 52 which alternately stack and bundle
paper sheets P, which are determined to be valid notes by the paper sheet inspection device 4; two sorting sections 53
and 54 which alternately stack and bundle invalid notes; and one sorting section 55 which stacks and bundle audit notes.
[0022] The five sorting sections 51 to 55 have the same structure, and include vane wheels 51a to 55a which rotate
while receiving paper sheets P that are fed from the transfer path 3 in a distributed fashion; stacking units 51b to 55b
which stack the paper sheets P that are received via the vane wheels 51a to 55a; and bundling devices 51c to 55c which
bundle a predetermined number of stacked paper sheets P by a paper band.
[0023] Attention is now paid to the most upstream sorting section 51 in the direction of transfer of paper sheets P.
Paper sheets P (valid notes in this case), which are assigned to the sorting section 51 and fed via the transfer path 3,
are received between vanes (not shown) of the vane wheel 51a. At this time, the vane wheel 51a rotates in sync with
the transfer timing of paper sheets P, and receives the paper sheets P and stacks them in the stacking unit 51b while
absorbing kinetic energy of the paper sheets P that are conveyed at high speed.
[0024] When a predetermined number (100 in this embodiment) of paper sheets P are stacked in the stacking unit
51b, the bundling device 51c bundles the 100 paper sheets P by a paper band and forms a bundle of paper sheets P.
Attributes of bundled paper sheets P, an apparatus number, etc. are printed on the paper band that is used at this time.
The bundling device 51c bundles the stacked paper sheets P by winding the paper band around the stacked paper
sheets P in their transverse direction.
[0025] Similarly, in each of the other sorting sections 52, 53, 54 and 55, a predetermined number of paper sheets P
are stacked and bundled by the paper band, and bundles of respective kinds of paper sheets P are formed. At this time,
the sorting sections 51 and 52 alternately stack and bundle 100 valid notes, and the sorting sections 53 and 54 alternately
stack and bundle 100 invalid notes. The timing of forming bundles in the five sorting sections 51 to 55 varies depending
on the kinds and number of paper sheets P that are input to the processing apparatus 100. Thus, the bundles, which
are formed at different timings in the sorting sections 51 to 55, are transferred to a post-process and synchronized in
timing, and the bundles are fed out of the processing apparatus 100.
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[0026] In the post-process, bundles H, which are formed in the bundling devices 51c to 55c of the sorting sections 51
to 55, are temporarily held and are released onto a conveyor at such a timing that no interference occurs. The bundles
are then discharged from the processing apparatus 100 by the conveyor. To be more specific, the bundles H, which are
released from the sorting sections 51 to 55, are released onto an upstream-side first transfer conveyor 76 (to be described
later) at such a timing that two bundles H are not released at the same time. In addition, the bundled state of each bundle
H is inspected while the bundle H is being conveyed by a second transfer conveyor 77, and only normal bundles H in
the normal bundled state are discharged from the apparatus.
[0027] Five chute devices 71, 72, 73, 74 and 75 (temporary hold units), which can receive and temporarily hold the
bundles H formed in the respective sorting sections, are provided vertically below the five sorting sections 51 to 55. The
five chute devices 71 to 75 have the same structure.
[0028] Further, below the five chute devices 71 to 75, there is provided a first transfer conveyor 76 that conveys at a
relatively high speed the bundles H which are released from the chute devices 71 to 75 at proper timing. The first transfer
conveyor 6 is provided to extend below the chute devices 71 to 75 along the direction of arrangement of the chute
devices 71 to 75 (in the right-and-left direction in FIG. 1).
[0029] On the downstream side in the direction of conveyance of the first transfer conveyor 76, a second transfer
conveyor 77 is provided in succession with the first transfer conveyor 76. The second transfer conveyor 77 conveys the
bundles H at a speed that is lower than, at least, the speed of conveyance of the first transfer conveyor 76. The bundled
state of the bundle H, which is conveyed by the second transfer conveyor 77 at a relatively low speed, is inspected by
means of a transmission sensor 79.
[0030] For example, the chute device 71 (to be described representatively) provided in association with the most
downstream sorting section 51 includes a tray 71a having a stopper at a right end in FIG. 1 and an opened upper side;
and a driving mechanism (not shown) for rotating the tray 71a between a temporary hold position (indicated by a solid
line in FIG. 1) and a release position (indicated by a broken line in FIG. 1).
[0031] In the state in which the tray 71a is rotated to the temporary hold position, the bundle H that is formed by the
bundling device 51c of the sorting section 51 is released in a direction B indicated in FIG. 1, and received on the tray
71 with an end portion of the bundle H in the direction B abutting upon the stopper. The bundle H is temporarily held
before it is released onto the first transfer conveyor 76. The tray 71a is rotated to the release position on the basis of a
trigger signal (to be described later), and the direction of movement of the temporarily held bundle H is turned. Thus,
the bundle H is released in a direction C onto the first transfer conveyor 76.
[0032] The first transfer conveyor 76 functions as a common conveyor for all the chute devices 71 to 75. The first
transfer conveyor 76 receives bundles H which are released from the sorting sections 51 to 55 via the chute devices 71
to 75, and conveys the bundles H in a direction D in FIG. 1. Preferably, the speed of conveyance of the bundle H by the
first transfer conveyor 76 should be set at a maximum value within a tolerable range in order to enhance the processing
performance of the processing apparatus 100. In this embodiment, the speed of conveyance of the bundle H by the first
transfer conveyor 76 is set at 666 [mm/s].
[0033] The second transfer conveyor 77, which is disposed on the downstream side of the first transfer conveyor 76
in succession with the first transfer conveyor 76, includes an upstream conveyor 77U (first conveyor) which is disposed
on the downstream side of the first transfer conveyor 76 in succession with the first transfer conveyor 76; a downstream
conveyor 77L (second conveyor) which is disposed on the downstream side of the upstream conveyor 77U in succession
with the upstream conveyor 77U with a gap provided between the upstream conveyor 77U and downstream conveyor
77L; and a coupling device 78 (to be described later) which couples the two conveyors 77U and 77L so as to synchronously
drive the two conveyors 77U and 77L at the same speed. The transmission sensor 79 is disposed in the gap between
the upstream conveyor 77U and downstream conveyor 77L. In this embodiment, the speed of conveyance of the bundle
H by the second conveyor 77 is set at 333 [mm/s].
[0034] FIG. 2 is a block diagram of a control system which controls the operation of the processing apparatus 100
having the above-described structure. The processing apparatus 100 includes take-out/transfer means 201, paper sheet
inspection means 202, stacking/bundling means 203, post-process means 204, and a system overall control unit 200
which executes an overall control of these control means 201, 202, 203 and 204.
[0035] The take-out/transfer means 201 includes the take-out device 1, the transfer path 3 and a take-out/transfer
control unit 201a which controls the operations of these mechanisms. The take-out/transfer control unit 201a is connected
to a paper sheet inspection device control unit 202a (to be described later) and the system overall control unit 200.
[0036] The take-out/transfer control unit 201a receives from the system overall control unit 200 a permission signal
for the start of take-out of the paper sheet P, and controls the take-out device 1 so as to take out paper sheets P one
by one onto the transfer path 3. In addition, in accordance with the inspection result in the paper sheet inspection device
control unit 202a, the take-out/transfer control unit 201a sorts and stacks the paper sheets P, which are taken out onto
the transfer path 3, into the sorting sections 51 to 55. When 100 paper sheets P are stacked in each of the stacking
units 51b to 55b of the sorting sections 51 to 55, the take-out/transfer control unit 201a informs the system overall control
unit 200 of the completion of stacking of 100 paper sheets P.
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[0037] The paper sheet inspection means 202 includes the paper sheet inspection device 4 and paper sheet inspection
device control unit 202a which controls the operation of the paper sheet inspection device 4. The paper sheet inspection
device control unit 202a is connected to the take-out/transfer control unit 201a and the system overall control unit 200.
The paper sheet inspection device control unit 202a sends inspection results relating to the paper sheets P, which are
inspected by the paper sheet inspection device 4, to the take-out/transfer control unit 201a and the system overall control
unit 200.
[0038] The stacking/bundling means 203 includes the stacking/bundling device 5, the rejected-note stacking device
6 and a stacking/bundling device control unit 203a which controls the operations of these two devices 5 and 6. The
stacking/bundling device control unit 203a is connected to the system overall control unit 200, receives an instruction
for bundling from the system overall control unit 200, and controls the bundling devices 51c to 55c so as to bundle units
of 100 paper sheets P by paper bands, which are stacked in the associated stacking units 51b to 55b. After the bundles
H are formed, the stacking/bundling device control unit 203a informs the system overall control unit 200 of the completion
of the bundling.
[0039] The post-process means 204 includes the five chute devices 71 to 75, first transfer conveyor 76, second transfer
conveyor 77, a large-band binding device, and a post-process control unit 204a which controls the operations of these
devices. The post-process control unit 204a functions as a memory unit, a length detection unit and a bundle inspection
unit of the present invention. The post-process control unit 204a is connected to the system overall control unit 200 and
receives an instruction for conveyance from the system overall control unit 200, thereby controlling the respective devices.
[0040] In particular, the post-process control unit 204a monitors an output from the transmission sensor 79 that is
disposed at a position along the second transfer conveyor 77. Triggered by the detection of the bundle H that is previously
released from the chute device onto the first transfer conveyor 76, the post-process control unit 204a controls the driving
mechanism of the chute devices 71 to 75 so as to release the next bundle H onto the first transfer conveyor 76. In other
words, in this processing apparatus’ 100, the operations of the chute devices 71 to 75 are always controlled so as not
to release two or more bundles H onto the first transfer conveyor 76, and the temporarily held bundles H are released
at proper timing.
[0041] FIG. 3 is a schematic view of the above-described first transfer conveyor 76 and second transfer conveyor 77.
The bundle H, which is released onto the first transfer conveyor 76 via the chute device, 71 to 75, is conveyed in a
direction D in FIG. 3 by the first transfer conveyor 76 and second transfer conveyor 77 while the speed of conveyance
of the bundle H is varied during the conveyance. Specifically, the bundle H is transferred from the first transfer conveyor
76, on which the bundle H is conveyed at a relatively high speed, to the second transfer conveyor 77 on which the bundle
H is conveyed at a relatively low speed, and thus the bundle H is conveyed with the speed of conveyance being decreased.
[0042] The first transfer conveyor 76 on the upstream side in the direction of conveyance of the bundle H (direction
D) includes two rollers 76a, 76b which are spaced apart in the direction of conveyance; an endless flat belt 76c which
is wound around, and passed between, the two rollers; and a driving motor M1 which rotates and drives one of the
rollers, 76a.
[0043] The downstream-side second transfer conveyor 77, as described above, includes the upstream conveyor 77U
which neighbors the roller 76b of the first transfer conveyor 76 and is disposed on the downstream side of the first transfer
conveyor 76 in succession with the first transfer conveyor 76; the downstream conveyor 77L which is disposed on the
downstream side of the upstream conveyor 77U in succession with the upstream conveyor 77U with a gap provided
between the upstream conveyor 77U and downstream conveyor 77L; and the coupling device 78 which couples the two
conveyors 77U and 77L so as to synchronously drive the two conveyors 77U and 77L. The transmission sensor 79 is
disposed in the gap between the upstream conveyor 77U and downstream conveyor 77L.
[0044] The upstream conveyor 77U includes two rollers 77a, 77b which are spaced apart in the direction of conveyance,
and an endless flat belt 77e which is wound around, and passed between, these two rollers. On the other hand, the
downstream conveyor 77L includes two rollers 77c, 77d which are spaced apart in the direction of conveyance; an
endless flat belt 77f which is wound around, and passed between, these two rollers; and a driving motor M2 which rotates
and drives one of the rollers, 77d.
[0045] The coupling device 78, which couples the upstream conveyor 77U and downstream conveyor 77L, includes
a plurality of pulleys and a plurality of drive belts, which couple the roller 77b of the upstream conveyor 77U and the
roller 77c of the downstream conveyor 77L. The coupling device 78 functions to transmit a driving force of the downstream
conveyor 77L, which is produced by the driving motor M2, to the upstream conveyor 77U.
[0046] In this embodiment, the speed of conveyance of the bundle H by the first transfer conveyor 76 is set at 666
[mm/s], and the speed of conveyance of the bundle H by the second transfer conveyor 77 (i.e. the upstream conveyor
77U and downstream conveyor 77L) is set at 333 [mm/s]. In this embodiment, the motors M1 and M2 are driven and
controlled so as to set the running speeds of the conveyors 76 and 77 at the above-mentioned values, respectively.
[0047] For example, in the case where a transmission sensor is provided at a position along the first transfer conveyor
76 that is run at a relatively high speed and the length of the bundle H in the direction of conveyance, which is conveyed
by the first transfer conveyor 76, is measured, the precision Ac1 of measurement is 0.666 [mm] if the sampling cycle of
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the detection signal is set at 1 [ms], as has been described in the "BACKGROUND OF THE INVENTION".
[0048] On the other hand, in the case where the transmission sensor 79 is provided at a position along the second
transfer conveyor 77 that is run at a relatively low speed and the length of the bundle H in the direction of conveyance,
which is conveyed by the second transfer conveyor 77, is measured, the precision Ac2 of measurement is 0.333 [mm]
if the sampling cycle of the detection signal is similarly set at 1 [ms]. In short, by detecting the bundle H which is moving
on the second transfer conveyor 77 at the low conveyance speed, the precision of measurement can be enhanced.
[0049] The precision of measurement, Ac1, Ac2, can be replaced with a measurement value Lc1, Lc2, which is obtained
by measuring the time, during which the conveyed bundle H shuts off the optical axis of the transmission sensor 79, by
using 1 [ms] cycle clock pulses CK. It can be said that the precision of measurement is higher as the number of samplings
of the detection signal for the same bundle H is greater. In short, in the case where the length of the bundle H is measured
by using the transmission sensor 79 that is disposed at the fixed position, the precision of measurement becomes higher
as the conveyance speed of the bundle H is lower.
[0050] In the present embodiment, the conveyance speed of the bundle H on the second transfer conveyor 77, which
is provided separately from the first transfer conveyor 76, is decreased to 1/2 of the process speed (666 [mm/s]) of the
processing apparatus 100, and the length of the bundle H is measured by the transmission sensor 79. Thus, according
to the processing apparatus 100 of the embodiment, the precision of measurement of the length of the bundle H was
successfully increased two times higher, without varying the process speed. The processing apparatus 100 of this
embodiment is suited to the inspection of the bundled state of the bundle H of paper sheets P, such as securities, which
require a high-precision inspection.
[0051] Next, the method of inspecting the bundled state of the bundle by using the transmission sensor 79 is described.
[0052] In the processing apparatus 100 of this embodiment, for example, when the bundle H which is temporarily held
by the chute device, 71 to 75, is released, it is possible that the released bundle H hits upon the first transfer conveyor
76b by falling and the bundled state of the bundle H deteriorates. There are many other factors of deterioration in the
bundled state. In particular, in this embodiment, the bundle H is formed by winding the paper band along the transverse
direction of paper sheets P. If the bundled state of the bundle H deteriorates, the length in the longitudinal direction of
the bundle H would increase.
[0053] As shown in FIG. 4, in the case of the bundle H in the normal bundled state, the end portions of all of the 100
paper sheets P are aligned, and the length of the bundle H in the direction of conveyance corresponds to the length of
the paper sheet P. In the case of the bundle H in the abnormal bundled state, as shown in FIG. 5 or FIG. 6, some of the
paper sheets P project, or the bundle H deforms in an inclined fashion. As a result, the length of the bundle H in the
direction of conveyance increases. Thus, by detecting the length of the bundle H in the direction of conveyance and
comparing the detected length with a pre-measured normal value, abnormality in the bundled state can be inspected.
[0054] Specifically, in the post-process control unit 204a, the output of the transmission sensor 79 is monitored and
the bundle H, which is conveyed at 333 [mm/s], is detected. At this time, the post-process control unit 204a measures
the length of the bundle H by using 1 [ms] cycle clock pulses CK. The measured value Lsc corresponding to the length
Ls of a standard bundle H and the measured value Lc corresponding to the length L of the detected bundle H are
compared, and if a difference between both measured values is not greater than a tolerable value Lac, the detected
bundle H is determined to be the bundle H in the normal bundled state. 

[0055] In a subsequent step, 10 normal bundles are bound by the large-band binding device. The abnormal bundle,
which cannot be discharge as such, is separated from the post-process and is processed by an operator.
[0056] In the meantime, as in the above-described embodiment, if the speed of conveyance of the bundle H by the
second transfer conveyor 77, which is disposed on the downstream side of the first transfer conveyor 76, is set to be
lower than the transfer speed of the first transfer conveyor 76 that receives the bundle H from the chute devices 71 to
75 and conveys the bundle H, it is thinkable that the next bundle H is fed from the first transfer conveyor 76 to the second
transfer conveyor 77 before the previous bundle H completely passes through the second transfer conveyor 77. If a
plurality of bundles H are fed onto the second transfer conveyor 77 at the same time, the precision in measurement of
the length of the bundle H may deteriorate.
[0057] Thus, in the present embodiment, some restrictions are imposed on the structure and operation of the processing
apparatus 100 as will be described below.
[0058] First, the release timings of the bundles H by the chute devices 71 to 75 are controlled so as not to release
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tow or more bundles H onto the first transfer conveyor 76 at the same time, as described above. In other words, the
release timings of the bundles H by the chute devices 71 to 75 are controlled so as to release a subsequent bundle H,
which is one of two successively processed bundles H, onto the first transfer conveyor 76, upon being triggered when
the preceding bundle H is detected by the transmission sensor 79 that is provided at a position along the second transfer
conveyor 77.
[0059] Second, consideration is now given to a case in which the time from the release of the bundle H on the first
transfer conveyor 76 to the transfer of the bundle H onto the second transfer conveyor 77 is shortest. Specifically, it is
assumed that the bundle H is released from the chute device 71 which is disposed on the most downstream side in the
direction of conveyance of the first transfer conveyor 76. Based on this assumption, the distance from the release position
of the bundle H by the chute device 71 to the terminal end of the first transfer conveyor 76 and the length of the second
transfer conveyor 77 along the direction of conveyance are set.
[0060] To be more specific, since the bundle H which is released from the most downstream chute device 71 is fed
onto the second transfer conveyor 77 at an earliest timing, the distance from the release position of the bundle by the
chute device 71 to the terminal end of the first transfer conveyor 76 and the length of the second transfer conveyor 77
along the direction of conveyance are set such that the time until the bundle H that is released from the chute device
71 is transferred onto the second transfer conveyor 77 becomes longer than, at least, the time until the bundle H that is
transferred from the first transfer conveyor 76 onto the second transfer conveyor 77 completely passes through the
second transfer conveyor 77.
[0061] The above restrictions on the dimensions of the respective components vary in accordance with the speed of
conveyance of the bundle H by each conveyor 76, 77, and also varies due to slip between the bundle H and the transfer
belt. Thus, in the present embodiment, the time until the bundle H released from the chute device 71 is transferred onto
the second transfer conveyor 77 was actually measured, and the above-described dimensions were set on the basis of
the actual measurement values.
[0062] FIG. 7 shows actual measurement values of distances from the release positions of the bundles H by the
respective chute devices 71 to 74 to the terminal end of the first transfer conveyor 76. FIG. 8 is a table showing theoretical
values (transfer time theoretical values) and actual measurement values (post-correction transfer times) of the transfer
time until the bundles H released from the chute devices 71 to 74 are transferred onto the second transfer conveyor 77.
[0063] As is understood from the table of FIG. 8, the theoretical value of the transfer time until the bundle H released
from the most downstream chute device 71 is transferred onto the second transfer conveyor 77 is 0.17 [s], while the
actual measurement value of this transfer time is 1.47 [s]. In fact, immediately after the bundle H is released onto the
first transfer conveyor 76, the transfer speed of the bundle H is not equal to the running speed (666 [mm/s] in this
embodiment) of the first transfer conveyor 76. The transfer time becomes longer due to, e.g. slip between the bundle H
and the first transfer conveyor 76. Thus, in the processing apparatus 100 of the present embodiment, the bundle H that
is released from the chute device 71 is transferred onto the second transfer conveyor 77 after about 1.47 [s].
[0064] On the other hand, the bundle H that is transferred onto the second transfer conveyor 77 is conveyed at a
reduced speed of 333 [mm/s]. In this embodiment, the length of the second transfer conveyor 77 is set at 400 [mm].
Thus, the bundle H, which is transferred onto the second transfer speed 77, completely passes through the second
transfer conveyor 77 at least within 1.201 [s]. In other words, the bundle H, which is conveyed at a transfer speed of
666 [mm/s], has a transfer speed of about 666 [mm/s] at the time when the bundle H is transferred onto the second
transfer conveyor 77. In the process of transfer of the bundle H onto the second transfer conveyor 77, the transfer speed
of the bundle H is decelerated to 333 [mm/s]. Thus, immediately after the bundle H is transferred to the second transfer
conveyor 77, the transfer speed of the bundle H is higher than 333 [mm/s], and the transfer time by the second transfer
conveyor 77 becomes shorter by a degree corresponding to this higher transfer speed.
[0065] Therefore, in the processing apparatus 100 of this embodiment, the time T1 = 1.47 [s] (actual measurement
value) until the bundle H released from the most downward chute device 71 is transferred onto the second transfer
conveyor 77 is longer than the time T2 = 1.201 [s] until the bundle H that is transferred from the first transfer conveyor
76 completely passes through the second transfer conveyor 77, and a plurality of bundles H are not fed onto the second
transfer conveyor 77 at the same time.
[0066] In other words, in the present embodiment, the distance from the release position of the bundle H by the chute
device 71 to the terminal end of the first transfer conveyor 76 and the length of the second transfer conveyor 77 are set
such that the time T1 until the bundle H released from the chute device 71 is transferred onto the second transfer
conveyor 77 becomes longer than, at least, the time T2 until the bundle H that is transferred from the first transfer
conveyor 76 completely passes through the second transfer conveyor 77.
[0067] According to the present embodiment, the precision of measurement of the length of the bundle at the time of
inspecting the bundled state of the bundle can be enhanced without decreasing the process speed of the processing
apparatus 100, that is, the running speed of the first transfer conveyor 76, and without decreasing the sampling cycle
of the signal for detecting the bundle H.
[0068] Additional advantages and modifications will readily occur to those skilled in the art. Therefore, the invention
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in its broader aspects is not limited to the specific details and representative embodiments shown and described herein.
Accordingly, various modifications may be made without departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equivalents.
[0069] For example, in the above-described embodiment, the running speed of the first transfer conveyor 76, onto
which the bundle is released from the chute device, is set at 666 [mm/s] and the running speed of the second transfer
conveyor 77, which receives the bundle from the first transfer conveyor 76 and conveys the bundle, is set at 333 [mm/s].
The running speeds are not limited to these values. It should suffice if the running speed of the second transfer conveyor
77 is lower than, at least, the running speed of the first transfer conveyor 76.
[0070] Besides, the distance from the release position of the bundle by the most downstream chute device 71 to the
terminal end of the first transfer conveyor 76 and the length of the second transfer conveyor 77 are not limited to the
values in the above embodiments. It should suffice if the time T1 until the bundle released from the chute device is
transferred onto the second transfer conveyor is longer than, at least, the time T2 until the bundle that is transferred
from the first transfer conveyor 76 completely passes through the second transfer conveyor 77.

Claims

1. A paper sheet processing apparatus comprising:

a take-out/transfer unit (1, 2, 3) which takes out input paper sheets (P) one by one onto a transfer path (3) and
transfers the paper sheets;
a paper sheet inspection unit (4) which inspects the paper sheets that are transferred by the take-out/transfer unit;
a sorting/stacking unit (5) which sorts and stacks the paper sheets, which are transferred via the transfer path,
on the basis of an inspection result in the paper sheet inspection unit;
a plurality of bundling units (51c, 52c, 53c, 54c, 55c) which bundle the paper sheets, which are sorted and
stacked by the sorting/stacking unit, in units of a predetermined number of paper sheets;
a plurality of temporary hold units (71, 72, 73, 74, 75) which receive and temporarily hold bundles that are
formed by the plurality of bundling units; and
a first transfer conveyor (76) which is provided to extend in a direction of arrangement of the plurality of temporary
hold units, receives the bundle that is held by each of the temporary hold units, and conveys the bundle,
characterized by further comprising:

a second transfer conveyor (77) which receives the bundle that is conveyed by the first transfer conveyor,
and conveys the bundle; and
a bundle inspection unit (79, 204a) which inspects a bundled state of the bundle that is conveyed by the
second transfer conveyor,

characterized in that running speeds of the first and second transfer conveyors are set such that a speed of
conveyance of the bundle by the second transfer conveyor is lower than a speed of conveyance of the bundle by
the first transfer conveyor, and a distance from a position of reception of the bundle from the temporary hold unit,
which is located on a most downstream side, to a terminal end of the first transfer conveyor and a length of the
second transfer conveyor in a direction of conveyance are set such that a time (T1) from when the bundle is transferred
onto the first transfer conveyor from the temporary hold unit (71), which is located on a most downstream side in
the direction of arrangement along a direction of conveyance of the bundle by the first transfer conveyor, to when
the bundle is passed through the first transfer conveyor and transferred onto the second transfer conveyor is longer
than a time (T2) from when the bundle is transferred onto the second transfer conveyor to when the bundle is
completely passed through the second transfer conveyor.

2. The paper sheet processing apparatus according to claim 1, characterized in that the bundle inspection unit (79,
204a) includes a sensor (79) which detects passage of the bundle (H) that is conveyed by the second transfer
conveyor (77), a length of the bundle in the direction of conveyance is detected by detecting a time during which
the bundle passes by the sensor, and the detected length is compared with a reference value, thereby inspecting
abnormality in a bundled state of the bundle.

3. The paper sheet processing apparatus according to claim 2, characterized in that the plurality of temporary hold
units (71 to 75) are permitted to release a next said bundle (H), upon being triggered when the sensor (79) detects
the bundle (H) which is released onto the first transfer conveyor (76).
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4. The paper sheet processing apparatus according to claim 2, characterized in that the second transfer conveyor
(77) includes a first conveyor (77U) which is disposed on a downstream side in a direction of conveyance of the first
transfer conveyor (76) in succession with the first transfer conveyor; a second conveyor (77L) which is disposed on
a downstream side in a direction of conveyance of the first conveyor in succession with the first conveyor with a
gap provided between the first conveyor and the second conveyor; and a coupling device (78) which couples the
first conveyor and the second conveyor such that the firs conveyor and the second conveyor have the same speed
of conveyance.

5. The paper sheet processing apparatus according to claim 4, characterized in that the sensor (79) detects the
bundle (H) which passes through the gap between the first conveyor (77U) and the second conveyor (77L).

6. A paper sheet processing apparatus comprising:

a take-out/transfer unit (1, 2, 3) which takes out input paper sheets (P) one by one onto a transfer path (3) and
transfers the paper sheets;
a paper sheet inspection unit (4) which inspects the paper sheets that are transferred by the take-out/transfer
unit via the transfer path;
a sorting/stacking unit (5) which selectively sorts and stacks the paper sheets, which are transferred via the
transfer path, into a plurality of sorting sections (51, 52, 53, 54, 55), which are juxtaposed along a direction of
transfer of the paper sheets, on the basis of an inspection result in the paper sheet inspection unit;
a plurality of bundling units (51c, 52c, 53c, 54c, 55c) which bundle the paper sheets, which are sorted and
stacked into the plurality of sorting sections, in units of a predetermined number of paper sheets;
a plurality of temporary hold units (71, 72, 73, 74, 75) which receive and temporarily hold bundles that are
formed by the plurality of bundling units; and
a first transfer conveyor (76) which is provided to extend under the plurality of temporary hold units in a direction
of arrangement of the plurality of temporary hold units, and conveys the bundle that is released from each of
the temporary hold units and placed on the first transfer conveyor, characterized by further comprising:

a second transfer conveyor (77) which is disposed on a downstream side of the first transfer conveyor in
a direction of conveyance of the first transfer conveyor in succession with the first transfer conveyor, and
further conveys the bundle, which is transferred from the first transfer conveyor, at a speed of conveyance
that is lower than a speed of conveyance of the bundle by the first transfer conveyor;
a memory unit (204a) which stores a pre-measured actual time (T1) until the bundle that is released from
the temporary hold unit (71), which is located on a most downstream side in the direction of conveyance,
is transferred onto the second transfer conveyor;
a sensor (79) which detects passage of the bundle which is conveyed by the second transfer conveyor;
a length detection unit (204a) which detects a length of the bundle in the direction of conveyance on the
basis of a time during which the sensor detects the passage of the bundle; and
a bundle inspection unit (204a) which inspects a bundled state of the bundle on the basis of a detection
result by the length detection unit,

characterized in that a distance from a position of reception of the bundle from the temporary hold unit, which is
located on the most downstream side, to a terminal end of the first transfer conveyor and a length of the second
transfer conveyor in a direction of conveyance are set such that a time (T2) until the bundle, which is transferred
from the first transfer conveyor onto the second transfer conveyor, is completely passed through the second transfer
conveyor is shorter than a prestored time in the memory unit.

7. The paper sheet processing apparatus according to claim 6, characterized in that the plurality of temporary hold
units (71 to 75) are permitted to release a next said bundle (H), upon being triggered when the sensor (79) detects
a preceding said bundle (H) which is released onto the first transfer conveyor (76).

8. The paper sheet processing apparatus according to claim 6, characterized in that the second transfer conveyor
(77) includes a first conveyor (77U) which is disposed on a downstream side in a direction of conveyance of the first
transfer conveyor (76) in succession with the first transfer conveyor; a second conveyor (77L) which is disposed on
a downstream side in a direction of conveyance of the first conveyor in succession with the first conveyor with a
gap provided between the first conveyor and the second conveyor; and a coupling device (78) which couples the
first conveyor and the second conveyor such that the firs conveyor and the second conveyor have the same speed
of conveyance.
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9. The paper sheet processing apparatus according to claim 8, characterized in that the sensor (79) detects the
bundle (H) which passes through the gap between the first conveyor (77U) and the second conveyor (77L).
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